The combination of electropositive alkali metals A (A = Na-Cs) and group 14 elements E (E = Si-Pb) in a stoichiometric ratio of 1:1 in solid state reactions results in the formation of polyanionic salts, which belong to a class of intermetallics for which the term Zintl compounds is used. Crystal structure analysis of these intermetallic phases proved the presence of tetrahedral tetrelide tetraanions [E 4 ] 4− precast in solid state, and coulombic interactions account for the formation of a dense, three-dimensional cation-anion network. In addition, it has been shown that [E 4 ] 4− polyanions are also present in solutions of liquid ammonia prepared via different synthetic routes. From these solutions crystallize ammoniates of the alkali metal tetrahedranides, which contain ammonia molecules of crystallization, and which can be characterized by X-ray crystallography despite their low thermal stability. The question to be answered is about the structural relations between the analogous compounds in solid state vs. solvate structures, which all include the tetrahedral [E 4 ] 4− anions. We here investigate the similarities and differences regarding the coordination spheres of these anions and the resulting cation-anion network. The reported solvates Na 4 Sn 4 ·13NH 3 , Rb 4 Sn 4 ·2NH 3 , Cs 4 Sn 4 ·2NH 3 , Rb 4 Pb 4 ·2NH 3 as well as the up to now unpublished crystal structures of the new compounds Cs 4 Si 4 ·7NH 3 , Cs 4 Ge 4 ·9NH 3 , [Li(NH 3 ) 4 ] 4 Sn 4 ·4NH 3 , Na 4 Sn 4 ·11.5NH 3 and Cs 4 Pb 4 ·5NH 3 are considered for comparisons. Additionally, the influence of the presence of another anion on the overall crystal structure is discussed by using the example of a hydroxide co-crystal which was observed in the new compound K 4.5 Sn 4 (OH) 0.5 ·1.75 NH 3 .
Introduction
The term "polar intermetallics" applies to a large field of intermetallic compounds, the properties of which range from metallic and superconducting to semiconducting with a real band gap [1] [2] [3] [4] [5] . For the compounds showing a real band gap, the Zintl-Klemm concept is applicable by formally transferring the valence electrons of the electropositive element to the electronegative partner, and the resulting salt-like structure allows for the discussion of anionic substructures [1] [2] [3] [4] [5] [6] [7] [8] [9] . The combination of electropositive alkali metals A (A = Na-Cs) and group 14 elements E (E = Si-Pb) in a stoichiometric ratio of 1:1 in solid state reactions results in the formation of salt-like, semiconducting intermetallic compounds which show the presence of the tetrahedral [E 4 ] 4− anions precast in solid state. These anions are valence isoelectronic to white phosphorus and can be seen as molecular units. They have been known since the work of Marsh and Shoemaker in 1953 who first reported on the crystal structure of NaPb [10] . Subsequently, the list of the related binary phases of alkali metal and group 14 elements was completed (Table 1, Figure 1 ). Due to coulombic interactions a dense, [11, 12, 14] P-43n KGe [11, 13, 14] I4 1 /acd NaPb [18, 21] I4 1 /acd NaPb [24] Additionally, it has been shown that the tetrelide tetraanions are also present in solutions of liquid ammonia [29] , and from these solutions alkali metal cation-[E 4 ] 4− compounds that additionally contain ammonia molecules of crystallization can be precipitated. We earlier reported on the crystal structures of Rb 4 Sn 4 ·2NH 3 , Cs 4 Sn 4 ·2NH 3 and Rb 4 Pb 4 ·2NH 3 , which showed strong relations to the corresponding binaries [30] . In Na 4 Sn 4 ·13 NH 3 [31, 32] no such relation is observed. In general, ammonia in solid ammoniates is not only an innocent and largely unconnected solvent molecule but may also act as a ligand towards the alkali metal cations. This leads to a variety of crystal structures, which allows for the investigation of the competing effects of cation-anion-interaction vs. alkali-metal-ammine complex formation in the solid state. We here report on the single crystal X-ray investigations of the new compounds Cs 4 4 Pb 4 ·5NH 3 and compare the previously reported solvates as well as the new ammoniate compounds of tetratetrelide tetranions to the known binary compounds. It has to be noted that the number of ammoniate structures of tetrelide tetraanions is very limited [30] [31] [32] [33] [34] as they are easily oxidized in solution by forming less reduced species like [E 9 ] 4− [35] [36] [37] [38] [39] [40] and [E 5 ] 2− [36, [41] [42] [43] . In Table 2 , all hitherto known ammoniates which contain the highly charged [E 4 ] 4− (E = Si-Pb) cluster are listed. For [Sn 9 ] 4− we could recently show that co-crystallization of hydroxide anions is possible in the compound Cs 5 Sn 9 (OH)·4NH 3 [44] . We here present the first crystal structure of the co-crystal of [Sn 4 ] 4− and the hydroxide anion in the compound K 4.5 Sn 4 (OH) 0.5 ·1.75 NH 3 which allows for the discussion of the influence of another anion on the overall crystal structure. 
Materials and Methods
For the preparation of [E 4 ] 4− -containing solutions different preparative routes are possible which are described elsewhere [8] . In general, liquid ammonia was stored over sodium metal and was directly condensed on the reaction mixture under inert conditions (see Appendix A). The reaction vessels were stored for at least three months at 235 K or 197 K. For the handling of the very temperature and moisture labile crystals, a technique developed by Kottke and Stalke was used [45, 46] . Crystals were isolated directly with a micro spatula from the reaction solutions in a recess of a glass slide containing perfluoroether oil, which was cooled by a steam of liquid nitrogen. By means of a stereo microscope, an appropriate crystal was selected and subsequently attached on a MicroLoop™ and placed on a goniometer head on the diffractometer. For details on the single crystal X-Ray structure analysis, please see Table 3 . The reaction of elemental lead with stoichiometric amounts of cesium in liquid ammonia yields shiny metallic, reddish needles of Cs 4 Pb 4 ·5NH 3 . The asymmetric unit of the crystal structure of Cs 4 Pb 4 ·5NH 3 consists of three crystallographically independent lead atoms, four cesium cations and four ammonia molecules of crystallization. One of the lead atoms and one of the nitrogen atoms are located on the general Wyckoff position 8e of the orthorhombic space group Pbcm (No. 57). The other two lead atoms, four Cs + cations and three nitrogen atoms occupy the special Wyckoff positions 4d (mirror plane) and 4c (twofold screw axis) with a site occupancy factor of 0.5 each. The Pb 4 cage is generated from the three lead atoms through symmetry operations. As there is no structural indication for the ammonia molecules to be deprotonated, the [Pb 4 ] 4− cage is assigned a fourfold negative charge, which is compensated by the four cesium cations. The Pb-Pb distances within the cage range between 3.0523(7) Å and 3.0945(5) Å. They are very similar to those that have been found in the solventless binary structures (3.090(2) Å) [21] . The cluster has a nearly perfect tetrahedral shape with angles close to 60 • . The tetraplumbide tetraanion is coordinated by twelve Cs + cations at distances between 3.9415 (1) 
Cs4Ge4· 9NH3
Deep red needles of Cs4Ge4·9NH3 could be obtained by the dissolution of Cs12Ge17 together with two chelating agents, [18] crown-6 and [2. Cs2 and Cs4 are trigonally surrounded by three Pb4 cages (1 × η 1 , 2 × η 2 and 2 × η 1 , 1 × η 3 ) each. Their coordination spheres are completed by five and four ammonia molecules of crystallization, respectively, as shown for Cs2 in Figure 3b . Cs3 only shows contacts to two Pb4 cages (2 × η 2 ) and six ammonia molecules of crystallization (Figure 3c ). Altogether, a two-dimensional network is formed. Along the crystallographic b-axis, corrugated Cs + -NH3 strands are built. The [Pb4] 4− cages are situated along the strands and are stacked along the c-axis (Figure 4) . molecules of crystallization. Here, the cesium cation is surrounded by four lead clusters tetrahedrally and thus forms a supertetrahedron (Figure 3a) . Cs2 and Cs4 are trigonally surrounded by three Pb4 cages (1 × η 1 , 2 × η 2 and 2 × η 1 , 1 × η 3 ) each. Their coordination spheres are completed by five and four ammonia molecules of crystallization, respectively, as shown for Cs2 in Figure 3b . Cs3 only shows contacts to two Pb4 cages (2 × η 2 ) and six ammonia molecules of crystallization (Figure 3c) . Altogether, a two-dimensional network is formed. tetrahedron, which is generated by the germanium position through symmetry operations resulting in the point group D 2 for the molecular unit. The definite number of ammonia molecules of crystallization cannot be determined due to the incomplete data set (78%), but very likely sums up to four in the asymmetric unit. Cs 4 Ge 4 ·9NH 3 is the first ammoniate with a ligand-free tetragermanide tetraanion reported to date. In spite of the incomplete data set, the heavy atoms Cs and Ge could be unambiguously assigned as maxima in the Fourier difference map. The dimensions of the germanium cage (2.525 (3) Cs4Ge4·9NH3 (e); probability factor: 50%; dark grey marked cations occupy special Wyckoff positions.
Cs4Si4· 7NH3
Dissolving Cs12Si17 together with dicyclohexano [18] crown-6 and [2. 
Na4Sn4· 11.5NH3
Red, prism-shaped crystals of Na4Sn4·11.5NH3 could be synthesized by reacting elemental tin with stoichiometric amounts of sodium and t BuOH in liquid ammonia. Two crystallographically independent [Sn4] 4− tetrahedra represent the anionic part of the asymmetric unit. The charge is compensated by eight sodium cations. Additionally, 23 ammonia molecules of crystallization can be found. All atoms occupy the general Wyckoff position 4e of the monoclinic space group P21/c (No 14). Although the two [Sn4] 4− cages are crystallographically independent, the chemical environment is very similar (Figure 2a) . Five sodium cations reside on edges and triangular faces of each cluster. Considering the anion-cation contacts, one-dimensional strands along the a-axis are formed. The tetrastannide clusters are bridged by two crystallographically independent sodium cations Na1 and Na2, which alternatingly coordinate faces and edges of the cages (Figure 6d) . Thus the anionic part of the structure can be assigned the formula 1 ∞ [Na(Sn4)] 3-. A similar coordination of the bridging atom was recently found in the ammoniate Rb6[(η 2 -Sn4)Zn(η 3 -Sn4)]· 5NH3, where two [Sn4] 4− anions are bridged by a Zn 2+ cation forming isolated dimeric units [47] . As already mentioned, Na1 and Na2 only show contacts to [Sn4] 4− , the remaining six sodium cations additionally coordinate to ammonia molecules of crystallization. Altogether, a molecular formula of [(Sn4)Na]2[(Na(NH3)3)5(Na(NH3)2)]· 6NH3 represents the whole crystal structure, where sodium-[Sn4] 4− strands are separated by both coordinating ammonia and unattached ammonia molecules of crystallization. (Figure 2a) . Five sodium cations reside on edges and triangular faces of each cluster. Considering the anion-cation contacts, one-dimensional strands along the a-axis are formed. The tetrastannide clusters are bridged by two crystallographically independent sodium cations Na1 and Na2, which alternatingly coordinate faces and edges of the cages (Figure 6d) . Thus the anionic part of the structure can be assigned the formula 4 ] + complexes, which span vertices and faces of the cluster (Figure 6a) . The distances within the tetrahedron vary between 2.9277 (8) Red, prismatic crystals of the composition K 4.5 Sn 4 (OH) 0.5 ·1.75NH 3 could be synthesized by dissolving elemental tin with stoichiometric amounts of potassium in the presence of t BuOH in liquid ammonia. The hydroxide in the solvate structure is probably formed due to impurities on the potassium. The asymmetric unit of the solvate structure consists of four tetrastannide tetraanions, two hydroxide ions and seven ammonia molecules of crystallization. They all occupy general Wyckoff positions of the monoclinic space group P2 1 /c (No. 14). The bond lengths of the tetrastannides of 2.884 (2)-2.963(2) Å are within the expected values for Sn-Sn distances in tin tetrahedranides [30] . Three of the four crystallographically independent tin anions are coordinated by 14 potassium cations, the fourth anion is coordinated by 16 cations at distances between 3.438(5) Å and 3.145(5) Å (Figure 7a,b) . The cations coordinate vertex tin atoms or span edges and faces of the tetrahedra. 
[Li(NH3)4]4Sn4· 4NH3

Discussion
In this section we discuss similarities and differences of the binary compounds towards the solvate structures with respect to the coordination spheres of the cations and the cluster anions.
NaPb Type Analogies
As already mentioned in the introduction, all alkali metal stannides and plumbides with the nominal composition AE, except the compounds containing lithium, crystallize in the tetragonal space group I41/acd (No. 142) and belong to the NaPb structure type [10, [18] [19] [20] [21] . Considering the direct cationic environment of the tetrelide cluster in the binary phase (Figure 2c) , the coordination number (CN) sums up to 16 . With increasing content of ammonia molecules of crystallization, the coordination number of the cages decrease (Table 4) . Figure 2 shows which cation-anion contacts are by tin clusters, hydroxide ions or/and ammonia molecules of crystallization (Figure 7c,d) . Altogether, the structure of K 4.5 Sn 4 (OH) 0.5 ·1.75NH 3 consists of strands of ammonia molecules, hydroxide anions and potassium cations, which are connected via tetrastannide anions.
Discussion
NaPb Type Analogies
As already mentioned in the introduction, all alkali metal stannides and plumbides with the nominal composition AE, except the compounds containing lithium, crystallize in the tetragonal space group I4 1 /acd (No. 142) and belong to the NaPb structure type [10, [18] [19] [20] [21] . Considering the direct cationic environment of the tetrelide cluster in the binary phase (Figure 2c) , the coordination number (CN) sums up to 16 . With increasing content of ammonia molecules of crystallization, the coordination number of the cages decrease (Table 4) . Figure 2 shows which cation-anion contacts are broken within the solvate structures. Generally, there are three different modes of the coordination of the cation towards the anion (Figure 8 ).
In the binary phases and Na 4 Sn 4 ·13NH 3 [31, 32] all triangular faces of the anions are capped η 3 -like by cations. In contrast, in A 4 E 4 ·2NH 3 (A = K, Rb; E = Sn, Pb) [30] Table 4 summarizes the anion coordinations and it becomes evident that the solvate structures with a small content of ammonia molecules of crystallization are more similar to the solid state structure, thus the three-dimensional cation-anion interactions are considerably less disturbed. Additionally, more anion-cation contacts appear in the solvate structures with the heavier alkali metals. Rubidium and cesium, as well as tin and lead are considered as soft acids and bases according to the HSAB theory [50] . The solvate structures containing sodium show much less anion-cation contacts due to the favored interaction of the hard base ammonia to the hard acid sodium cation (Table 5 ). Table 5 additionally shows the total coordination numbers of the cations, which is classified into cation-anion (A + -E − ) and cation-nitrogen (A + -NH 3 ) contacts. In Na 4 Sn 4 ·13NH 3 , Na 4 Sn 4 ·11.5NH 3 and Cs 4 Pb 4 ·5NH 3 the numbers of anion-cation contacts and the cation-nitrogen contacts are similar. In contrast, Rb 4 Sn 4 ·2NH 3 , Cs 4 Sn 4 ·2NH 3 and Rb 4 Pb 4 ·2NH 3 show more A + -E − contacts than ion-dipole interactions between the cation and the ammonia molecules of crystallization. acid sodium cation (Table 5 ). Table 5 additionally shows the total coordination numbers of the cations, which is classified into cation-anion (A + -E − ) and cation-nitrogen (A + -NH3) contacts. In Na4Sn4·13NH3, Na4Sn4·11.5NH3 and Cs4Pb4·5NH3 the numbers of anion-cation contacts and the cation-nitrogen contacts are similar. In contrast, Rb4Sn4·2NH3, Cs4Sn4·2NH3 and Rb4Pb4·2NH3 show more A + -E − contacts than ion-dipole interactions between the cation and the ammonia molecules of crystallization. 
KGe Type Analogies
Binary alkali metal compounds of silicon and germanium with the nominal composition AB (A = K-Cs) crystallize in the KGe structure type ( Figure 5 , for the corresponding literature see Table 1 ) Figure 8 . Different coordination modes of cations shown on the example of NaPb. 
Binary alkali metal compounds of silicon and germanium with the nominal composition AB (A = K-Cs) crystallize in the KGe structure type ( Figure 5 , for the corresponding literature see Table 1 ) [11] [12] [13] [14] [15] [16] [17] . Table 6 shows the number of cations coordinated to the [E 4 ] 4− cages. Here again, the decrease of the CN is directly related to the content of ammonia in the solvate structure. Like in the NaPb structure type, four cations coordinate η 3 -like to all triangular faces of the cages. However, unlike the NaPb type, no η 2 -like bonded cations are present in this solid state structure. Here, only single cation-anion contacts between the vertex atoms and the cations are built. The CN sums up to 16 (1)) and four (for Si 4 (2)) η 1 -like bonded cations, respectively (Figure 5a,b) . The coordination spheres of the cages are completed by two and three cations, respectively, which coordinate to edges (η 2 -like) of the cages. This kind of coordination is more prevalent in the NaPb structure type (Figure 2) . The CN of the [Si 4 ] 4− cages sums up to 9/11 (Table 6) .
Cs ammoniates of all group 14 elements are now known (Cs 4 Si 4 ·7NH 3 , Cs 4 Ge 4 ·9NH 3 , Cs 4 Sn 4 ·2NH 3 and Cs 4 Pb 4 ·5NH 3 ), which allows for comparison of the coordination number of the Cs cation. As mentioned in the introduction, the [E 4 ] 4− cages can be considered as roughly spherical with a radius calculated from the distance of the center of the tetrahedron to the edges (averaged distances) plus the van der Waals radius of the particular element [25] . Naturally, the sizes of the silicide (radius r: 3.58 Å) and the germanide (r: 3.67 Å) clusters are smaller than those of the stannide (r: 3.96 Å) and plumbide (r: 3.90 Å) clusters. This affects the CN of the cation. As listed in Tables 5 and 7 , which show the coordination number of the cations in NaPb/KGe and the related ammoniates, the CN of Cs + amounts to [9] [10] [11] (4) (5) (6) (7) (8) (9) between the cesium cations and the ammonia molecules of crystallization. In contrast, in Cs 4 Pb 4 ·5NH 3 and Cs 4 Sn 4 ·2NH 3 more A + -E − contacts (4-7) than A + -NH 3 (2-6) interactions occur. The reduced cation-NH 3 contacts in the solvate structures of the heavier homologues tin and lead indicates that the size of the clusters has a significant impact on the quantity of ammonia molecules of crystallization that coordinate to the cesium cation and thus complete the coordination sphere.
Altogether, it is shown that the content of ammonia molecules of crystallization directly correlates with the CN of the cages to cations (see Section 4.1). This means that the presence of ammonia molecules results in broken anion-cation contacts within the ionic framework. 
Effect of Additional Anions within Solvate Structures
In K 4.5 Sn 4 (OH) 0.5 ·1.75NH 3 , the cationic environment slightly differs from the binary system NaPb and from the other solvate structures due to the presence of another anionic component, the hydroxide anion. As already mentioned in Section 3.6, the asymmetric unit consists of four crystallographically independent [Sn 4 ] 4− clusters. The coordination number of three of them has a value of 14, the CN of the fourth cluster is 16 . Although ammonia molecules of crystallization are present in the structure, the CN of the clusters are very similar to the CN of the binary solid state system or are rather insignificantly smaller. Mainly, the differences lie in the manner of the coordination of the cations to the cages. In K 4.5 Sn 4 (OH) 0.5 ·1.75NH 3 , only one to two (for Sn 4 (2)) cations span triangular faces of the cage, compared to the binary phase and the other solvate structures described in Section 4.1, where four and three cations coordinate in a η 3 -like fashion. The number of the η 2 -like bonded cations is somewhat higher. They can be found five or rather six times. The remaining cationic environment of the stannide clusters is built up by six to nine cations, which are η 1 -like attached to vertex tin atoms. In the binary system, every vertex atom of the cluster shows two single cation-anion contacts, so eight η 1 -like bonded cations appear here. Altogether, the presence of another anionic component and ammonia molecules of crystallization lead to different cationic coordinations of the anionic cages compared to the other solvate structures. But taking the slight content of ammonia molecules and hydroxide anion per stannide cluster into account, it is not surprising that the number of coordinating cations is almost equal to that in the binary phase NaPb.
Conclusions
We investigated the relations of ammoniate crystal structures of tetrelide tetrahedranides and the corresponding binary intermetallic phases. The involvement of ammonia strongly influences the structures of the compounds due to its character of rather acting as ligand towards the alkali metal cations than as an innocent solvent molecule. This is reflected in the CN of the cations as well as the anions. For the small alkali metal cations of lithium and sodium (hard acids) this even results in a formal enlargement of the cation radius which finally ends up in the structural similarities especially for Li-ammonia containing compounds to the binaries of the heavier homologues. Additional charged anions within the solvate crystal structures influence the overall crystal structure and this leads to a different cationic coordination of the anionic cages compared to the other solvate structures.
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Appendix A
Appendix A.1 Experimental Details
All operations were carried out under argon atmosphere using standard Schlenk and Glovebox techniques. Liquid ammonia was dried and stored on sodium in a dry ice cooled Dewar vessel for at least 48 h. Silicon (powder, 99%, 2N+, ABCR) and Lithium (99%, Chemmetal, Langelsheim) was used without further purification. Sodium (>98%, Merck, Deutschland) and potassium (>98%, Merck, Deutschland) were purified by liquating. Rubidium and cesium were synthesized according to Hackspill [51] and distilled for purification. [18] 
